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1. JNTRODUCTION 

The purpose of this Teat Pad Program F U  Rcport (TPPFR) Addendum is to 
modify S d o n  9 of tha TPPFR (GeOSyHtac, 1991) by r u j j h g  the lowm left boundary 

90 percent -on line. This m&cation L bssad on variations of matctials 
encountmd and lessons 1-d during P b  I conslnrction of the m-Site Disposal 
Facility (OSDF) compactad clay liner. Section 9.5 of the TPPFR acknowledged that 
variations in the clay bar matcrial and the absolute looations of the APZ wiU occur. A 
procedure to define the APZ was proposed and usod for Phase I constmution. A 
modification in the procedure to define the APZ fbr sail source is provided Mow 
for approval. Experience gained during Phase I also indicates minor modificatioma 
should be made to both the procedures and constmution quality control (CQC) pmtowls 
used for OSDF compacted clay liner and cap construction. 

of the &wJptable ptmzmlbm zone (APQ with the h e  of an optimums rather that the 

\ 

As tl result of the tmt pad program dcscrlbed in the TPPFR, an APZ wns 
established to provide a compacted clay liner and cap with a maximum hydraulic 
conductivity of 1 x lO-' d s .  The development of the APZ in the TPPFR was based 011 
the well-meow collcapt of using the line of opt;raums for the APZ lower-left 
boundary: Tbe lower and upper bo+n b w n  till soils usod for tat pad comrudon 
were cxcavatd h a n  area of Wted #ctentandused in sepluatc test pads. The data 
obtained fiom the test pad program exhibited lines of optixnum that could be 
approximated by a 90 perceat de- of aatwation line. For these soils, a single degree 
of saturation line was adopted as the lower-left boundary of the APZ for Phase I 
constwtion. 

The soil u8od for Phase I compacted clay liner cons&uction exhibited acceptable 
hydraulic conductivity but had vdable standard practor compaction m e s  resulting 
fkom variations in material index properties. These variable Proctor cwes led to lines 
of optirnums for Phaso I day liner material that raaged &om degrees of saturation of 
about 84 pc'cpmt to 91 percent. This range is greatex tban observed during the test pad 
program and is &butable to natural soil variability encountered throughout the 
extended area of soil borrow during Phase 1. Upon completion of the OSDF Phsut I 
Construction, an dwtt ion o f  thcsc variations in clay material indicated an opportunity 
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to more a c i d y  dcdine an APZ for each soil sauce Consequently, the line of 
optimum itselfb now mcommded as the low-left boundary of the APZ rather than 
a single dagrw of saturation line because it is mora repnssatative of the variation in the 
clay soits wed for wnsbuction. A rcpmscntative he of optimums will be applied to 
each scruencd nmtuial stockpile of approximately 5,000 to 10.000 yd’ (3,800 to 
7,600 m’). 

~mprovemsats to day liner mataial procCssiq procedures wac also identified and 
implemented during Phase I. These i m p m v ~ c n ~  indudBd mechanical scremin~ for 
danced remwal of oversized particles and moisture conditioning during the 
operation to produce a material that is fully hydrated prior to the start of compsction. 
Moreover, the blmdiq of the msterial aa a mtdt of excavation, pmcesshg through the 
mechanical sicmen, spmading in the stockpile, excavation from the stockpile, spmadhg 
in thc cell, and processing with a soil 8 t a b i i  d t e d  in a more homogenous mated 
than was achievable duing the test pad program. In recognition of this improved 
blending, modifications to the CQC clay h e r  and cap materid &Sting plotocols IVC also 
recommended bercitl. 

Thc sptciEIc subjem discussed in thia addendum are: 

0 use of the line of optimums to define the lower-left boundary of the APZ; 

implementation of the improved soil processing p r d u m s  for Enhand 
removal of ovmizcd particles and hydration of clay liner and cap material; and 

0 modifidan of the procedures and CQC protocols for compacted clay liner and 
cap c o ~ t i o n .  

The recommeadtd modifications to the TPPFR 8 f t  summanzed . inSection5ofthis 
TPPFR Addemhm. 

2 98.0923 
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2. LINE OF OPTIMUMS 

2.1 

Subntantial etvidenw bas b a n  documeoted in the gwtachnical litnaaut to show 
that the key to dchicving a hyarmulic conductivity l a  than 1 x lU’ d s  in a campacted 
clay liner or cap is to ensure that the compaction moisture content and dry unit weight 
plot above t.4~1 line of o p t i ~ ~ w s .  Baason and Boutwall (1992) analyzed data on 
hydraulic conductivity of compacted clay liarno relative to the compaction criteria 
employed during wnstruction for a number of Bites .  They concluded that the “criterion 
used to control Construction should tnsllsc CompZtCtjon wet of thc line of optimums”. 
C m n t  USEPA (1993) @dance advocatas using the line of optimums for compaction 
control as part of the CQC protocol for compacted clay hers and caps. 

2.2 F PgSec I C o n r m  

The APZ pracntd in the TPFFR was developed to assun that the soil mabxial 
used for the OSDF compacted clay liner and cap was compsctod to a stato at or above 
the line of optimums. For simplicity, that line of ophums was approxhated by a 
shgle de- of satwdon line of 90 percent. The 90 percent de- of satudon line 
WBS chosen as an approximation to the line of optimuau, for both upper and lowet 
horizon brown till baaed on the results of standard (ASTM D 698) and modiffad (ASTM 
D 1S57) Proctor compaction tests perfomed during the OSDF test pad program. Thcsc 
test tesults arc p m c n d  in Figure 2-1 where the oloss correlation betwoen the he8 of 
optimum and 90 pacent degree of satustion b e  wm be observed. 

The soil mattuials d for Phase I compacted clay liner construction exhibited 
lines of optimum tbat typically ranged from de- of saturation of about 84 percent to 
9 t percent. Th4se results rapnsent a larger range in Proctor compaction test tesults tbaa 
observed in the lower and upper horizon brown till used for the test pad program. To 
illustrate this varirrbility, thc peaks of the various standard Proctor compaction cwycs 
obtained during Pbast I her system construction arc plotted on a dry Unit weight versus 
moisture content graph in Figure 2-2. Contours rapreseatiag constant depes  of 
saturation are also shown in Figure 2-2 in order to estimate how these standard Proctor 
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compaction peaks rebe to the degree of satuatiian. It should be noted that the material 
used for Pbase I liaer sy- Coastnrction was c x c a d  &om an area much larger, and 
soils wuu mom vurhbb, tbaa that available b i n 8  the test pad program. Also, tho soils 
ware mixad ddng stockpiling and blended during screening, which did not occur 
during the test pi program. 

During future phases of OSDF construction, material for compacted clay liner and 
cap construction will ba excavated fiom the footprint of various OSDF cells and the 
OSDF barrow area. The variability of these soils i s  expected t4 be as gmaS aa the 
variability 0bsmm.l during Phaac I mnstkcdoa In mwgnition of this &ability, it i s  
recommapded that the lower-left boutday of the APZ be defied by the Line of 
optimums for the clay material to be compacted and not by a single degree of samtion 
line. Thi6 rcwmmcndBtion is consistent with the msults of the original test pad program 
and with xewmmddons in the gcotocbnical lit#aaut. This recommendation will 
allow nsnaal vsriability of soils used for OSDF compacted clay liner and cap 
construction. 

4 91.0923 
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3. SOIL PROCESSING 

3.1 

Adequate plooassjng, which includes scrcuhg, blending, and hydration of alar 
liner and cap materials, is also important to achisviag low field hydrauric conductivity. 
Beason et al. (1997) -bed a hydraulic conductivity assessment that was conducted 
on four test pads wnstnrctad to the same specifications with soil from the same source 
by four Wmnt contractom. The test pads had distinctly different field hydraulic 
conductivities, even h u g h  they wera coastrucrted wit& similar soil, to similar 
compaction conditions, and with similar macbhmy. An analysis of these diff&enca 
showed that adequate hydration time waa crucial in achieving low hydraulic 
conductivity and that soil blending was another important fbtm rtsponsiblc for low 
hydraulic conductivity. As discussed below, lessons lcamod during Phase I 
construction am consistent with these recently published technical findings. 

32 F P v  

The TPPFR xttcommended soil proce~~h~ to be accomplished by meam of a mil 
stabilizer making a minimum of two paascs through loose Ut thickness dwhg 
construction of the oompactud clay liner or cap. r)uring construction of the cmqmted 
clay liner in Phase 1. twchmical screening was implexncnted to enhence removal of 
particles greater than 2 in. (50 mm) in m h u m  dimension. This mechanical tuxedng 
provided a swndary bonefit of improved soil blwdinp. The blending of the matuial as 
a result of excavation, processing through the mechauical screen, spreading in the 
stockpile, excavation h m  the stockpile, s p m  in the cell, and p d g  with a soil 
stabilizer resulted in a more homogenous matarid than was achievable duriq the test 
Pad Program- 

As m integral part of mechanical screening, water was applied to the screened clay 
material by mans of a spray bar at the end of the stacking conveyor. Thc addition of 
water prior to stockpiling of the clay material allowed hydration times of 24 hours er 
more prior to Atlal.prwessing and compaction in the cell. These improved nratnial 
processing proccdums p d u &  a blended matcdal which was rirlly hydrated prior to 

aQo4094.413983 00 1zcDo.cw 7 98.09.23 
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the nccd for addition of water in the cell. This the start of compaction and mumuzed 
also provides a ~ e w d a t y  benefit of dust control. 

. .  . 

P 
I 

It is recommended that proccdurte p v a  during CoflStNction of the Phase I 
compacted clay liner continue to be used for future OSDF clay liner and cap 
construction. The wnstruction contmct should include the following requirements. 

A mechanical screening opt ion ,  similar to ?hat used during Phase I, should 

d i m a n s i O I L  
bt ixnplemtatad to fcmove particles greater than 2 in. (SO mnr) in lluminlum 

Water should be added to the clay material as the mattrial is discharged from 
the scmdng operation to the stockpile. Water should be added in a manner 
that: (i) wuft~ uniform moisture distribution; and (ii) rwrults in an acceptable 
range of soii moisture content for compaction within the cell. 

Mechanically s m n d  material should be placed in stockpilea sized betwaaa 
5,000 aud 10,OOO yd’ (3,800 to 7,600 d). 

Clay mataxial should be allowed to hydrate in the stockpile prior to use in 
compacted clay liner or cap construction. 

8 98.09933 
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4, CQC TESTING PROTOCOLS 

A single APZ wns developed during the test pad program to rupment the lint of 
optimums far the upper and lower horizon brown till soil wed in test pad co11sfntction. 
In recognition of the variaility of the mabB5ial excavated h m  a larger area during 
actual OSDF coruitnadon, the establisbmeat of individual APZs for each mechanically- 
screened and moistmwonditioned stockpile is now mwnmcnded, B.r-.l1-st of thc bbod 
to estabbsb a line of opthums for each Boil stoc@ile, it is recommended that existing 
CQC testing p o t ~ ~ l s  be modified to include tho following steps. 

e 

AB applioablt or relevant and approlniatc rcquircment (ARAR), the CQC 
cundtmt shsuld pdom one staadsrd Proctor compaction test (ASTM I) 698) 
per 1.500 yd’ (1,140 m’) of matwid or a minimum of hvo tests per screead 
stockpile aad one modified Proctor oompacticm tust (ASTM D 1557) per two 
standard Proctos compaction testa. 

The optimum moisture content and maximum dry uuit weights obtaiatd ftom 
the standard Proctor oampaction tests for each stockpile should be averaged 
(arittunctic meam) to obtain a mprcwntaiive stockpile stan- Roctor 
optimum arohxe content and maximum dry unit weight; the same averaging 
pmccw should be used with the modified proctor compaction tea results to 
obtain a rupreseu~tative stockpile modified Proctor optimum moisture co-t 
and maximum dry unit weight; the aversgad stundard and modified Proctor tast 
results should be uscd to develop a stockpilo-wific line of optimums. 

After the stoubile-specific line of optim’ums is developed, individual standard 
and mdifhd Proctor optimum points Ear the stockpile will be plottad and 
campared to the line of optimuis. ~ b i ~  comparison is to idtntifL potential 
outlim. Outurns are defined as points more than 2 moisture percentage points 
away &om &e corresponding line of optimums moisture percentage. If an 
o u t l i i  is ideatifid, an additional soil sample from the same vicinity in the 
stockpile as the outlier sample will be collected and tested. Tht opt;mUm point 
for the addi t id  sample will be substituted for the outlier and a gtockpile- 
specific line of optimums will be developed. The outlier identification procsss 

9 98.09.23 
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doscribtd above will be rtpeattd. ,If another outlier is idemtificd, the stockpile 
will have demonstrated unaccaptable variability for clay liner and cap 
constructian and wil l  be used for othm wnslruction pwposes 

The APZ for each clay mtcrial stockpido &odd be d e h d  by the following 
boundrrrics: 

0 a moisture oontant not greater than 3 penxntaee points wet of the standmi 
Proctor optimum moistUte conteat, 

e a lowex-left boundary defined by the line of optimumS; and 

0 a lower boundary of at least 95 pcrcent of the standard Proctor maximum 
dry unit weight, 

0 The CQC Consultant should perfom one mnoldcd hyQaulIc conductivity test 
(ASTM D S084) per stockpire to verify the APZ. Material usxi for the test 
should be compssited fiom all samplets and remolded to a target dry unit weight 
of a minimum of 95 to 98 pcrccat of the wp-mdativc ataMiard Proctor 
rmu~imum dry unit weight at a target moisture content of0  to 1.0 percuntage 
point3 wet of tha line of optimums. 

The CQC Consultant should plot the APZ on a graph moisture content versus dry 
unit weight to define the compaction conditions for tach material stockpile. Figure 4-1 
presents a statldard form for plotting dry unit wei@ versus moisture content. Figure 4- 
2 presents an example of an A P Z  for a stockpile with average standard Proctor 
maximum dry unit wei@ of 106.8 Ib/ft' (1 6.8 kN/m') and optimum moisture content of 
18.2 percent and average modified Proctor maximum dry unit wei&t of 121.1 ltdft' 
(I 9.0 kN/m') and Optimum moisture contant of 1 3.1. 

io 98.W-23 
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5. MODIFIXD RECOMMENDATIONS 

5.1 

Section 9 2  ofthe TPPFR, titled Compacted Clay M a t d  Cr i th ,  m m m d  
continuous rsmoval of visible rock particles with a mawimuxn dimtaaion greater than 2 
in. (SO mm) during clay material placement, processing, and compaction. The 
continuous process of removing oversized particles should be mnthued. This TPPFR 
Addendum additionally recornends that mccJmical acrcdng, 8s implemented during 
Phase I constTuction, COLltinue to be used to enhawx removal of ov#sizcd pardclts and 
to improve the production of a blended clay m a W  for OSDF compacted clay liner 
and cap constmetion. 

5 3  Borrow r 
Section 9.3 of the TPPFR, titled as above, rccoramtnds clay matkid p- 

processing a d  moisture maditioning be acoomplishcd wing a transvnse rotary mixer 
with spray bar. This TPPFR Addendum additionally mcomcnds that water addition at 
the end of ml.chanical screening and prior to Btocjlcpiliag, as implemented during Phase I 
construction, condnuc to be used to promote adquate hydration of clay material prior to 
use of the material for OSDF compacted clay liner and cap cotlstNction. 

53 for C w c t i m  

Section 9.5 of the TPPFR titled as above, recommended the usc of the lower-ldt 
boundary of the APZ as the 90 percent degree of saturation line. As pmviously 
discussed in this wit, this degree of saturation line was adoptad bocausc the iowcr and 
upper horizon brown tiUs used in the test pad pro- exbibited lines of optimums tbat 
could be approximated by a 90 percent degree of  -tion (see Figure 2-1). 

The soil matexiah Used for Phase I compacted clay liner construction exhibited 
acceptable bydtsulic conductivities and had variable stsndard Proctor w m p d o n  
curves, many of which wae lower than a 90 pexccnt degree of saturation line. This 

13 98.0933 
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variability is attributed to natural soil variability cmcauntmed throughout the mmdcd 
area of soil borrow during Phase I. This tsaxne variability is expected for fuhm phases 
of OSDF com.pacM clay Uacr and cap coastructlon. In recognition of this variability, 
this TPPFR Addendum recommends tba! ihe tine of optimumS itself be used tis the 
lower-left boundary of the A P Z .  This TPPFR Addendum fiutha mcomxnends that a 
etockpiile9pecibc rqmswtativc line of optimm be applied to prcrcessed materid 
stockpile. It is mommtnded that stockpilea be developed with 5,000 to 10,000 yd3 
(3,800 to 7,600 m') volumetric capacity. 

14 98.0923 
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